Purpose of review Due to the organ shortage, which prevents over 90 000 individuals in the United States from receiving lifesaving transplants, the transplant community has begun to critically reevaluate whether organ sources that were previously considered too risky provide a survival benefit to waitlist candidates.
INTRODUCTION
There are over 90 000 individuals in the United States waiting for a kidney transplant [1] . The organ transplant waitlist has grown substantially over the past several decades, with an annual growth rate of 2.9% from 2005 to 2014, due to an increasing demand for transplants and an insufficient supply of kidneys [2] . There have been important advances in living donor kidney transplantation, including kidney exchanges [3] [4] [5] [6] [7] , incompatible transplants [8 && ], donor champion [9] and social media programs [10, 11] , and improved donor selection through data-driven live donor risk prediction [12,13 & ,14,15] , but not all patients are lucky enough to identify living donors. As a result, transplant providers have had to critically reevaluate deceased donor kidneys that were previously discarded, recognizing that transplantation with suboptimal organs might still confer substantial survival benefit over waiting for a 'better' kidney. This reevaluation of previously underutilized deceased donor organs, which has coincided with an increase in donors due to the opioid epidemic [16] , caused the size of the kidney transplant waitlist to decrease in 2016 for the first time in more than a decade [2] . In this review, we describe several types of deceased donor kidneys that are now recognized as underutilized for transplantation despite providing a survival benefit for transplant candidates.
Historically, deceased donor kidneys were dichotomously classified as coming from standard criteria donors (SCDs) or from expanded criteria donors (ECDs) based on age, creatinine, history of hypertension, and cause of death. ECD kidneys were associated with a higher risk of graft failure and were more likely to be discarded [17] . However, ECD organs were found to confer a survival benefit to many transplant candidates, particularly those who were older, diabetic, unsensitized to donor antigens, and facing longer transplant wait times [18] . In organ procurement organizations (the local unit of the organ allocation system) with long median waitlist times for kidney transplant candidates, acceptance of ECD kidneys was associated with a 27% lower risk of death than waiting for an SCD kidney offer [18] . In addition, among patients predicted to benefit from ECD transplants (older adults, people with diabetes, unsensitized, and registrants at centers with long wait times) [18] , willingness to accept an ECD kidney was associated with 12% lower risk of death (P < 0.001) [19] .
Today, kidney allocation in the United States has transitioned from SCD/ECD to a more granular Kidney Donor Profile Index (KDPI). The KDPI assigns a continuous risk score to deceased donor kidneys based on 10 donor characteristics (e.g., age, race, and comorbidities). The KDPI is normalized such that a donor's score represents their percentile of donor quality; that is, a kidney from a donor with a KDPI of 60 is predicted to be of lower quality than 60% of the organs offered in the prior year. Kidneys with a high KDPI (>85%) have 1.46-times higher odds of being discarded than kidneys with a lower KDPI, as they are viewed as low-quality organs [20] . Deceased-donor kidneys with a KDPI of 0-20% are expected to function an average of 11.5 years after transplant, compared with an average of 9 years for kidneys with a KDPI of 21-85% and 5.5 years for kidneys with a KDPI greater than 85% [21] .
However, as with ECD kidneys, transplant providers have increasingly recognized that high-KDPI organs can still provide a survival benefit for certain patients on the transplant waitlist. For example, transplants with high-KDPI kidneys are associated with increased short-term risk of mortality but decreased long-term risk of mortality compared with waiting for a lower KDPI organ offer [22] . At 5 years posttransplant, recipients of transplants with kidneys with KDPIs of 71-90, 81-90, and 91-100 all had higher cumulative survival than candidates who chose to wait for a lower KDPI offer [22] . In general, transplant candidates who waited for a 'better' kidney were more likely to die than patients who accepted the high-KDPI kidney offer, underscoring the risks of remaining on dialysis; however, this is not true for all patients, and decision trees can help patients and their clinicians understand risk on a more individual level ( Figs. 1 and 2 ).
Despite the demonstrated survival benefit of transplants with high-KDPI kidneys, this pool of organs remains underutilized. Kidneys that would have been classified as SCD that are assigned a high KDPI are now at increased risk of discard in the KDPI era, a sort of 'labeling effect' [23] . In addition, fear of regulatory action by the Organ Procurement and Transplantation Network or Center for Medicaid and Medicare Services has also impacted center comfort with using high-KDPI kidneys [24] [25] [26] [27] . From 2012 to 2014, 50.6% of kidneys with a KDPI of 61-80 and 71.6% of kidneys with a KDPI of 81-100 were discarded [23] . Therefore, although strides have been made to better assess donor quality, understand the survival benefit associated with high-KDPI organs, and identify groups most likely to benefit from these transplants, high-KDPI organs remain an underutilized source of organs for transplantation.
INCREASED RISK DONOR KIDNEYS
The United States Public Health Service (PHS) has provided guidelines to reduce the risk of transmitting infectious diseases through organ transplantation. Guidelines published in 1994 classified certain donors as 'high risk' (colloquially referred to as 'Centers for Disease Control high risk') based on their above-average risk for acquiring HIV during the window period of serologic detectability [28] . Although the risk is elevated, there is nothing 'high' about the risk of window period infections in these patients, which range from 0.04 to 4.9 per 10 000 donors for HIV and 0.027-32.4 per 10 000 donors for hepatitis C virus (HCV) ( Table 1) [29, 30] .
KEY POINTS
Kidneys with a high Kidney Donor Profile Index or from increased risk donors provide a survival benefit to transplant waitlist candidates compared with remaining on dialysis.
Prospective trials of transplantation of HCV-infected kidneys into HCV-negative recipients have had promising preliminary results.
Changes in legislation through the HIV Organ Policy Equity Act have legalized transplantations from HIVpositive deceased donors to HIV-positive recipients for the first time in the United States, creating a new source of deceased donor organs.
In 2013, the PHS provided updated criteria based on donor risk factors for HIV, hepatitis B, and HCV infections and termed this group 'increased risk' donors (IRDs). We prefer the term 'infectious risk donors' to clarify that the risk is strictly infectious, and that, for most other measures of organ risk, most IRD kidneys are among the best kidneys available. IRDs account for almost 20% of the deceased donor pool today, and this proportion will likely increase even further in the context of the modern opioid epidemic [31] . Donors who die of drug overdoses, a population that overlaps with the IRD population, accounted for only 1.1% of organ donors in 2000 and rose dramatically to 13.4% of donors in 2017; kidneys from overdose donors, despite excellent outcomes, were more likely to be discarded than those from donors who died of trauma (5.2 vs. 1.5%) [32 & ].
The potential for infection of a recipient with HIV or HCV makes some transplant candidates and their providers uncomfortable accepting these organs. In 2007, in response to the first reported case of HIV infection from an IRD transplant in the 20 years of US transplant data collection, 32% of transplant surgeons reported changing their practice [33] . In addition, providers have reported obstacles to use of IRD organs including lack of comfort obtaining IRD-specific consent, lack of guidelines for IRD-specific consent, and failure to discuss the use of IRDs with candidates at the time of listing [34] [35] [36] . Transplant candidates also view IRD organs as a less desirable option; focus groups perceived that IRD organs were most appropriate for patients at high risk of death or who have poor quality of life on dialysis [37] . In fact, one study found that 42% of kidney transplant candidates would reject IRD kidneys under all circumstances [38] . The reluctance to use IRD organs is perhaps even greater when treating pediatric transplant candidates, despite the fact that IRD kidneys are associated with similar allograft and patient survival and ) have a higher risk of dying in the first weeks after transplant surgery than patients who remain on the waitlist or receive a lower Kidney Donor Profile Index kidney (Kidney Donor Profile Index 0-70), largely due to the risks of undergoing transplant surgery. After 1-2 months, patients who accepted these higher Kidney Donor Profile Index kidneys are more likely to still be alive (i.e., they have a lower risk of dying) than patients who remain on the waitlist or receive a lower Kidney Donor Profile Index kidney (Kidney Donor Profile Index 0-70). This 'survival benefit' from accepting a higher Kidney Donor Profile Index organ highlights the benefits of high-Kidney Donor Profile Index kidneys and the risks of remaining on dialysis. Reproduced with permission [22] .
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FIGURE 2.
Decision trees for acceptance of high-Kidney Donor Profile Index organ offers by participant and center characteristics. Reproduced with permission [22] .
that only one unintended bloodborne pathogen transmission occurred in 8000 unique pediatric transplants from 2008 to 2015 [39] . The reluctance to use IRD kidneys is harmful to patients, as studies have demonstrated that IRD transplants provide substantial benefits for recipients. Simulation studies have found that increased use of IRDs would increase the number of transplants, increase quality-adjusted life years, lower the cost of care, and decrease the number of viral infections because of reduced time on hemodialysis (during which patients incur risk of viral transmission) [40] . In addition, a calculator designed to help an individual patient decide between accepting an IRD offer or waiting for a non-IRD offer (www.transplantmodels.com/ird; Fig. 3) showed that accepting an IRD kidney offer would provide a 5-year survival benefit for most patients, and that patients most likely to benefit from these transplants could be identified [31] . Subsequent analysis of national registry data has confirmed these findings: among transplant candidates who declined an IRD, only 31% later received a non-IRD deceased donor kidney transplant, and the non-IRD allografts accepted were of substantially lower quality (higher KDPI, 52 vs. 21) than the declined IRD kidneys [42 && ]. By 6 months posttransplant, accepting an IRD kidney was associated with a 48% lower risk of death than continuing to wait for a non-IRD kidney [42 && ]. Increased risk donor kidney transplant calculator. This calculator was designed to assist clinicians and patients in decision-making related to increased risk donor kidney offers. The user enters the recipient and donor information, and a Markov decision process model estimates a personalized 5-year survival curve if the recipient accepts versus declines the increased risk donor offer. The calculator is available at http://transplantmodels.com/ird/. The methodology and decision process model development used to produce this calculated was described by Chow et al. [31] . Reproduced with permission [41] .
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In summary, IRD kidneys remain an underutilized source of organs for transplantation, presumably due to stigma of HIV causing both provider and transplant candidate discomfort. Further studies are necessary to evaluate the effect of improved education and resources on willingness to consider IRD organ offers. In addition, improvements in infectious disease detection, such as the reduction in the window period of detectability [43] , continue to reduce the risk of disease transmission from IRD kidneys and might affect willingness to accept IRD organs.
HIV-POSITIVE DONOR KIDNEYS AND HIV ORGAN POLICY EQUITY
Although IRD organs are available to all transplant candidates, organs from donors with known HIV infections were historically banned from use in organ transplantation. However, as methods for controlling HIV infection have turned a fatal diagnosis into a chronic disease that is relatively easily controlled, an increasing number of HIV-positive (HIVþ) patients have survived with HIV, developed end-stage renal disease (ESRD), and been placed on the kidney transplant waitlist [44] . For two decades, these HIVþ transplant candidates have received HIV-negative (HIVÀ) organs with good outcomes and well controlled HIV following transplantation [45] . In fact, HIV-monoinfected recipients (i.e., those who are HIVþ and are not coinfected with hepatitis C) can have similar 5-year and 10-year graft and patient survival to their HIV-negative counterparts [46] . Induction immunosuppression in HIVþ recipients is associated with lower risk of delayed graft function and graft loss and does not increase risk of infection [47] . These findings suggest that kidney transplantation is a safe and effective treatment of ESRD in HIVþ patients.
The promising transplant outcomes of HIVþ recipients, including continued control of their HIV infections, suggested that the use of HIVþ donor organs should be reevaluated (Fig. 4) . In 2010, Muller et al. [48] published the results of the first four kidney transplants from HIVþ donors to HIVþ recipients (HIV-to-HIV transplantation) in South Africa, all of which were successful. Results at 3 and 5 years for the first 27 HIV-to-HIV kidney transplants were similarly encouraging, with graft survival of 93% at 1 year, 84% at 3 years, and 84% at 5 years. In all patients, HIV infection remained well controlled, with undetectable virus in blood [49] and no evidence of HIV superinfection [50 && ]. HIV-to-HIV transplants are advantageous to both HIV-positive and HIV-negative candidates by increasing the overall donor pool [51] .
However, use of organs from HIV-infected donors was illegal in the United States according to the National Organ Transplant Act of 1984/1988. In 2010, we estimated that the potential number of organs available from HIVþ donors was 350-600 per year [52, 53] . This inspired us to write and advocate for the HIV Organ Policy Equity (HOPE) Act, which passed in 2013 [54, 55] . Based on lessons from HIVþ kidney transplant recipients [47] and the results of HIV-to-HIV transplants in South Africa [48, 49] and Switzerland [56] , the first clinical trial of HIV-to-HIV organ transplantation in the United States was developed [57] . The multicenter 'HOPE in Action' prospective trials will evaluate the safety of HIV-to-HIV kidney and liver transplantation and analyze graft survival, patient survival, and transplant-related and HIV-related complications compared with transplants from HIVÀ donors to HIVþ recipients.
Areas of future study include disparities in access to HIV-to-HIV transplant, adequate consent for candidates, optimal immunosuppression and antiretroviral therapy regimens, management of donorderived transmission of a resistant HIV strain (Fig. 4) , and prevention of acute and chronic rejection [57] [58] [59] . In addition, the safety and feasibility of HIV-to-HIV transplantation using living donors is being studied [60] .
HEPATITIS C VIRUS-POSITIVE DONOR KIDNEYS
Organs from deceased donors infected with hepatitis C (HCVþ) have historically been offered only to transplant recipients who were also HCVþ. However, these organs are underutilized: a study of all HCVþ deceased donor kidney offers from 1995 to 2009 found that HCVþ kidneys were 2.6-times more likely to be discarded, despite the fact that only 29% of HCVþ recipients received HCVþ organs [61] and candidates who accepted HCVþ kidneys waited, on average, 310 days less than the average waiting time at their center and 395 days less than their counterparts at the same center waiting for HCV-negative kidneys [61] . In liver transplantation, donor HCV status was not associated with risk of all-cause graft loss, meaning that HCVþ organs did not make recipients more likely to experience graft failure or death 
CONCLUSION
Reevaluation of previously underutilized organ sources has helped to increase the deceased donor transplant rate and decrease the size of the transplant waiting list for the first time in over a decade. High-KDPI organs, IRD organs, HIV-positive organs, and HCV-positive organs all remain underutilized, but progress made in these areas is promising. These advances underscore the need for critical reevaluation of discard practices and recognition that remaining on dialysis may be riskier than accepting an offer of a 'higher risk' organ.
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